ii to the corresponding AASHTO test procedures) to determine the maximum specific gravity (G mm ) and bulk specific gravity (G mb ) of asphalt mixtures and bulk specific gravity (G sb ) of aggregates. These asphalt mixture and aggregate properties are needed to calculate the volumetric properties (air voids, voids in the mineral aggregate and voids filled with asphalt) used in asphalt mixture design and production. The CoreLok is a vacuum-sealing device that can be used for determining the G mm and G mb of asphalt mixture samples and the G sb of both coarse and fine aggregates. The Department evaluated the CoreLok for these four test procedures. With respect to the G mm test procedure, for mixtures containing non-absorptive granites, the CoreLok determined equivalent results compared to the Department's test procedure. However, for mixtures containing absorptive limestones, the CoreLok determined higher G mm values compared to the Department's test procedure. The apparent reason for the discrepancy is because the CoreLok does not determine a saturated surface-dry condition of the sample. Repeatability of test results was comparable to the Department's test procedure. With respect to the aggregate specific gravity test procedures, the CoreLok provided equivalent test results to the Department's test procedure for the non-absorptive fine aggregates only. For the absorptive fine aggregates and all of the coarse aggregates, the CoreLok determined significantly different G sb test results compared to the Department's test procedures. The CoreLok may be suitable for determining G mb test results for coarse graded compacted specimens with high porosity and air voids. However, there are concerns with the accuracy of the CoreLok results due to the bridging effect of the plastic bag over the large surface voids and due to the CoreLok's significant underestimation of the specific gravity of a solid aluminum cylinder.
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INTRODUCTION
The adoption of the Superpave mix design methodology in 1996 by the Florida Department of Transportation, herein referred to as the Department, requires more volumetric mixture testing than the Marshall mix design system used prior to Superpave. Air voids (V a ), voids in the mineral aggregate (VMA) and voids filled with asphalt (VFA) are specification criteria in the Superpave mix design system. To determine these values, the maximum specific gravity of the mixture (G mm ), the bulk specific gravity of the compacted mixture (G mb ), and the aggregate bulk specific gravity (G sb ) are needed. Furthermore, the addition of the fine aggregate angularity test (FAA) by the Superpave mix design system also requires the determination of the fine aggregate specific gravity value in order to calculate the FAA value.
The Department uses long established test procedures (very similar to the corresponding AASHTO test procedures) to determine these mixture and aggregate properties needed to calculate the volumetric properties. However, there are some concerns with these test procedures. The G mm test procedure is more complicated to perform compared to many other laboratory test procedures and requires that the sample be brought to a saturated surface-dry (SSD) condition when using absorptive aggregates, like those commonly encountered in Florida. This "dryback" portion of the test procedure may add one to two hours to the testing time. Two test procedures exist for the determination of the G sb of aggregates, one procedure for coarse aggregates and one procedure for fine aggregates. Both test procedures are very sensitive to operator technique and take nearly a full day to perform when considering the preliminary aggregate soak time required. There are also concerns that the determination of the SSD condition of the fine aggregate by the cone and tamp technique may not be consistent between different aggregates because the amount of slump of the fine aggregate is also dependent on the angularity and texture of the fine aggregate and not just on the quantity of surface moisture present. The determination of G mb for asphalt mixture specimens by the water displacement method is very sound theoretically and is practical to perform. However, the test procedure is not applicable for highly porous mixtures where the water drains out of the pores prior to determining the SSD weight. This condition will result in an inaccurate specimen volume determination and a corresponding inaccuracy in the G mb value.
Due to the previously discussed limitations, there is an interest in new test procedures or equipment that can replace or improve upon the existing Department test procedures.
InstroTek, Inc., of Raleigh, NC, developed a new test device in the late 1990's, termed the CoreLok, with the intention of addressing these limitations. The CoreLok is a vacuumsealing device (Figure 1 ) that can be used for determining the G mm and G mb of asphalt mixture samples and the G sb of both coarse and fine aggregates.
Figure 1 -CoreLok Test Device
In order to assess the suitability of this device, the Department acquired a CoreLok and evaluated the device with respect to its ability to determine the G mm of asphalt mixtures, the G sb of both coarse and fine aggregates and the G mb of compacted asphalt mixture specimens.
BACKGROUND AND THEORY OF OPERATION
The CoreLok is a relatively new test device that has gained widespread attention due to its potential to determine multiple asphalt/aggregate properties in a timely and precise manner.
The basic function of the CoreLok is to provide a chamber where a vacuum can be applied.
The amount of vacuum applied is nearly equal to one atmosphere, resulting in a residual pressure of near zero millimeters of mercury within the chamber.
The general concept of performing a test using the CoreLok is as follows: the asphalt mixture or aggregate samples are placed in a plastic bag, the bag and sample are then placed in the CoreLok chamber, the vacuum is applied, the bag is sealed while in the chamber, atmospheric pressure is slowly applied to the sample and then the sample is removed from the chamber. A G mm sample is shown in Figure 2 . The bag/sample is then submerged in a water bath and weighed. Depending on the test procedure, the bag may or may not be cut open while submerged in the water bath. There is additional testing equipment involved (bowls, pycnometers, syringes, etc.) used for some of the tests, which will not be discussed in this report. One can refer to the test procedures from InstroTek for more details. The weights recorded throughout the process are then used to calculate the respective material property in question. InstroTek has provided computer software to perform the required calculations.
A review of published literature shows that the majority of the research conducted to date with the CoreLok is related to the determination of G mb of compacted asphalt specimens.
There is much less published research regarding the G mm and G sb test procedures. Results of the published research will be cited subsequently in this report in the individual sections concerning G mm , G sb and G mb .
OBJECTIVES
The objectives of this study are to evaluate the CoreLok in terms of accuracy, precision, testing time and practicality for the G mm , G sb and G mb test procedures. A variety of mixture and aggregate types will be examined including aggregates with a range of low to high absorption. Current Department test procedures will be used as a reference point to determine accuracy, though the researchers acknowledge that the true value of the test parameter is unknown. Test procedure precision will be estimated based on the variance of the test results, however, the extensive testing necessary to determine accurate within-lab and between-lab precision values will not be performed as part of this research. The results of 
MAXIMUM SPECIFIC GRAVITY TEST RESULTS
Five different asphalt mixtures and one source of reclaimed asphalt pavement (RAP) were tested using the Department's test procedure, FM 1-T 209, and the CoreLok for determination of the material's G mm value. The mixtures encompassed several aggregate types and gradation ranges. Information regarding the six materials tested is presented in Test results are shown in Table 2 . A statistical t-test analysis was conducted for each material and the results are displayed in Table 3 . The null hypothesis is that the difference between the average CoreLok G mm value and the average FM 1-T 209 G mm value for each material is zero. The alternative hypothesis is that the average CoreLok G mm value does not equal the average FM 1-T 209 Additionally, the t-test for the LS-2 mixture resulted in a p-value of 0.06, which is nearly statistically different for a t-test conducted at a level of significance of 0.05. It is worthy to note that these four materials are all limestone mixtures with medium to high absorption values. The two materials that were not found to be statistically different were the Georgia granite mixture and the RAP material. The Georgia granite is a "very low" absorption (<1%) material and the RAP was a "low" absorption (1 to 2%) material.
With respect to testing variability, examination of the data in Table 2 shows that the CoreLok standard deviations (square root of variance) are greater than the FM 1-T 209
standard deviations for every material tested. A statistical F-test was conducted for each material and the results are displayed in Table 4 . The null hypothesis is that the variances are The researchers believe that the discrepancy between the CoreLok and FM 1-T 209 G mm test values for the more absorptive materials is because the CoreLok test procedure does not have a "dryback" procedure for the determination of the SSD weight of the material. Using the dry weight of the material instead of the SSD weight of the material in the sample volume determination will result in a smaller sample volume and a higher G mm value. The more absorptive a material is, the greater the difference is between the dry and SSD weights. For example, for a 1000 g sample, the SSD weight for an LS-4 mixture may be up to 8 g higher than the dry weight. To determine the effect of the dryback procedure, the G mm values tested per FM 1-T 209 were recalculated using the dry weight in the volume determination instead of the SSD weight. These recalculated FM 1-T 209 G mm values were then compared to the CoreLok G mm values (see Table 5 ). For all of the asphalt mixtures tested (excluding loose RAP material), the average difference between test procedures decreased, indicating better agreement between the test procedures. The LS-1 and LS-4 mixtures, which had the greatest average differences when calculated using the SSD weight, improved significantly. For the LS-1 mixture the average difference decreased from 0.011 to 0.006 and for the highly absorptive LS-4 mixture, the average difference decreased from 0.033 to 0.006. Tables 2 and   5 A statistical t-test analysis was performed again for each material comparing the CoreLok procedure to the FM 1-T 209 procedure without using the dryback procedure. The results are displayed in Table 6 . The LS-1 material is the only mix that was determined to be statistically different at a significance level of 0.05. The p-value for the LS-1 mixture was 0.04. In summary, when the SSD weight is not used in the FM 1-T 209 G mm calculations, the Other researchers have found mixed results using the CoreLok to determine G mm .
Lynn (1) 
AGGREGATE SPECIFIC GRAVITY TEST RESULTS
The CoreLok can be used to determine the aggregate specific gravity of both coarse and fine aggregates using separate test procedures. Both test procedures use the vacuum chamber to vacuum seal an aggregate sample, however, each procedure uses different external equipment accessories (Figure 4 ).
Coarse Aggregate Specific Gravity
The Department's test procedure for coarse aggregate specific gravity is FM 1-T 085 and is similar to AASHTO T 85. Both the FM 1-T 085 and CoreLok test procedures determine the coarse aggregate specific gravity for the aggregate material retained on the 4.75 mm sieve.
For this evaluation, six aggregate types were evaluated, including granite aggregates from Examination of Figure 5 shows that the CoreLok determines higher values of G sb than For a particular aggregate source, there appeared to be no influence of gradation on the aggregate properties determined. The researchers believe that the discrepancy between the CoreLok and FM 1-T 085 coarse aggregate test results is for the same reason as the maximum specific gravity test. The CoreLok test procedure does not include the determination of the SSD weight of the aggregate. The more absorptive an aggregate is, the more critical it is to determine the SSD weight of the aggregate so that the proper volume of the aggregate can be calculated.
The G sb aggregate property is used in the calculation of the VMA of an asphalt mixture. The other properties used to calculate VMA are the G mb and percent asphalt binder of the mixture. For the range of the G sb differences discussed above, the effect expressed in terms of VMA is shown graphically in Figure 8 Table 9 . Two test results were determined for each test procedure and aggregate type. Therefore, a total of 28 test results (7 material types x 2 test procedures x 2 samples) were obtained for this study. The same operator tested all of the samples for both test methods. Additional samples were tested in the CoreLok prior to the start of this study so that the operator could become proficient with the test procedure. In addition to the G sb , the absorption and apparent specific gravity (G sa ) values were calculated from the test data for each material and test procedure. Test results are presented in Table   10 . Figures 9-11 display graphs of G sb , % absorption and G sa respectively, comparing the FM 1-T 084 and CoreLok test procedures. Cabbage Grove (38-036). Typically, the fine aggregate specific gravity is greater than or equal to the coarse aggregate specific gravity for a particular source of aggregate. However, for the four aggregates tested, the CoreLok determined higher coarse aggregate specific gravities than the corresponding fine aggregate specific gravities. The Department's test procedures determined higher specific gravities for the limestone fine aggregates compared to the limestone coarse aggregates and equivalent coarse and fine aggregate specific gravities for the granite aggregate. 
BULK SPECIFIC GRAVITY TEST RESULTS
The CoreLok was initially developed for the purpose of determining the bulk specific gravity (G mb ) of compacted hot-mix asphalt specimens. The intent was to develop a device that would provide accurate G mb determinations for both non-porous and porous specimens and to reduce testing variability. Most asphalt testing personnel use AASHTO T 166 or another similar water submersion testing procedure for determining G mb . AASHTO T 166 requires the determination of the SSD weight of the specimen to be used as part of the calculation of the bulk volume of the specimen. The determination of the SSD weight is believed to be the major source of variability for AASHTO T 166. Furthermore, it is believed that inaccurate test results may be obtained for very porous mixtures because some water will drain out of the specimen's pores prior to determining the SSD weight. This condition will result in an inaccurate (smaller) specimen volume determination. For an asphalt specimen that absorbs >2% water by volume, AASHTO T 166 states that an alternative method shall be used, in which a paraffin coating is applied to the specimen to prevent water intrusion into the pores. results slightly less than Operator #1 for most of the specimens tested. Only one specimen (150-2), which was compacted with 30 gyrations, had a water absorption value higher than 2%. The CoreLok also measured the G mb of the aluminum cylinder at a significantly lower G mb value than FM 1-T 166. Since the aluminum cylinder was smooth and absorbed no water, FM 1-T 166 is a suitable test procedure for the determination of the aluminum cylinder's G mb .
A visual examination of the vacuum-sealed gyratory specimens revealed that the plastic bags were not able to completely conform to the rough surface texture of the top and bottom surfaces of the gyratory specimens. The plastic bags were bridging over the depressions. Consequently, these artificial voids, formed by the bridging effect of the bag, were included as actual specimen air voids in the CoreLok test procedure. To quantify this effect, approximately 5 -15 mm was trimmed off of the top and bottom surface of three 150 mm diameter and three 100 mm diameter specimens with a wet saw. The depth trimmed off of each specimen was just enough to remove the unrepresentative large-void portion of the asphalt mixture contained on the surfaces of the specimens. Both operators then tested each of the six specimens with both test procedures. The results are presented in Table 12 . 3. With respect to the fine aggregate G sb test procedure, the CoreLok produces test results equivalent to FM 1-T 084 for mixtures containing low absorptive aggregates (granites). For the higher absorption limestone aggregates tested, the CoreLok determined lower G sb values than FM 1-T 084. Typically, the fine aggregate specific gravity is greater than or equal to the coarse aggregate specific gravity for a particular source of aggregate. However, for the four aggregates tested with both the coarse and fine aggregate test procedures, the CoreLok determined higher coarse aggregate specific gravities than the corresponding fine aggregate specific gravities. The Department's test procedures determined higher specific gravities for the limestone fine aggregates compared to the limestone coarse aggregates and equivalent coarse and fine aggregate specific gravities for the granite aggregate.
4. The CoreLok test procedure for G mb has received positive reviews by researchers, primarily for its use with coarse graded mixtures containing high air voids and high % water absorption. In general, the CoreLok tends to determine G mb at an equivalent or lower level than water submersion methods (FM 1-T 166 and AASHTO T 166). Results of this research and that of Buchanan (5) indicate that much of the difference between test procedures is a result of the surface texture of the gyratory compacted specimen and not due to the internal void structure of the specimen. When the surface texture is removed by wet sawing, the test procedures provide equivalent results. This indicates that the plastic liner used in the CoreLok procedure is partially bridging over the large, mostly unrepresentative voids on the surface of the specimen and including a portion of them as true specimen air voids. This results in a higher than true air void content. Additionally, the water submersion test procedure (FM 1-T 166) may be underestimating air voids for specimens with high air void contents and high water absorption as a result of water draining from the interconnected surface voids, of which a portion of the voids are probably true air voids. Therefore, the true air void content is most likely a value in between the values determined by the CoreLok and water submersion test procedures. This research and that by Crouch (7) have measured significantly lower G mb results of a solid aluminum cylinder using the CoreLok test procedure compared to the water submersion procedure. Since the water submersion procedure is ideally suited for the determination of G mb of a solid aluminum cylinder, this sheds some doubt on the ability of the CoreLok to accurately measure G mb .
RECOMMENDATIONS
1. The Department should not approve the CoreLok for use as a test procedure for the determination of G mm without the addition of a dryback portion to the test procedure.
However, the addition of a dryback portion to the CoreLok procedure would nearly eliminate any advantage in terms of testing time that the CoreLok has over FM 1-T 209. Due to the cost of the CoreLok equipment it would not be advantageous for the Department to adopt the CoreLok test procedure.
